Nearly all the crust of NE Africa and Arabia was formed during the late Precambrian to early Palaeozoic Pan-African event (950-450Ma; Kroner 1984) . The preservation of ophiolites, the recognition of several well-defined suture zones, and the identification of at least one exotic terrane in the Arabian-Nubian Shield indicate that modem processes of crustal growth via arc/back-arc collision and terrane accretion were active by this time (Bakor et al. 1976; Gass 1981; Kroner 1985; Stoeser & Camp 1985; Kroner et al. 1987) . The identification and study of ophiolite-decorated sutures is thus an important part of reconstructing crustal evolution in the region.
The deformational, metamorphic, and plutonic history of the Arabian-Nubian Shield was not confined to that accompanying terrane accretion. Subsequently, the Arabian Shield and parts of NE Africa were affected by long, broad shear zones, strike-slip faults, and associated structures of the post-accretionary Najd fault system ( Fig. 1 ). In the Arabian Shield, this zone is up to 400 km wide and 2000 km long, with a cumulative sinistral offset of 240-300 km (Moore 1979; Davies 1984) . Activity on the Najd fault system has been constrained to between 655 and 540 Ma ago (Stacey & Agar 1985; Cole & Hedge 1986) . A wide range of tectonic and magmatic processes accompanied Najd tectonism, including widespread plutonism, metamorphism and transpressional as well as transtensional deformation.
The role of the Najd Fault System in the structural differentiation of NE Africa has only begun to be appreciated. This zone is well-developed in the central Eastern Desert of Egypt (Stern 1985; Bennett & Mosley 1987; Sultan et al. 1988) but is less obvious elsewhere in NE Africa. The southern portion of the Oko shear zone in NE Sudan (Almond et al. 1984b; Almond & Ahmed 1987) has the N40"W orientation and sinistral offsets typical of the Najd fault system, while to the north this structure turns N-S (Fig. 1) . Two other faults with Najd-like trends and displacements have also been inferred NE of the Oko shear zone ( fig. 9 of Kroner et al. 1987) .
The role of accretionary and post-accretionary deformation in forming the basement fabric cannot always be easily distinguished. This is especially true for the northern half of the Arabian-Nubian Shield, where Najd deformation was accompanied by abundant granitic plutonism and was responsible for the development of upper greenschist-and amphibolite-facies metamorphic regions (Stern 1985) . Determining whether the dominant fabric of a particular region records accretionary or post-accretionary stresses becomes especially complex when the latter structures are superimposed on suture zones. This leads to the involvement of ophiolitic rocks and may give the younger structure the gross lithologic characteristics of suture. As a result of this interaction, there is significant disagreement about where the Arabian sutures extend into Africa. While they clearly trend NE-SW across the Arabian Shield and into the Red Sea Hills of Sudan, their continuation elsewhere into North or East Africa is not well established. Shackleton (1986) and Burke & Sengor (1986) argued that the sutures turn south to link up with the Mozambique Belt of E Africa. However, the recent discovery by Kroner et al. (1987) of a belt of ophiolite rocks extending E-W along the Egypt-Sudan border (Allaqi-Heiani Suture in fig.  1 ) indicates that some of the suture zones may extend west across N Africa. The N-S trending Hamisana shear zone (HSZ) is situated in a position such that determining its age and origin could help us to resolve whether the late Precambrian collisional margin trended south or west from the Red Sea Hills. If the HSZ is a suture, then the NE-SW trending sutures to the east may bend south to join up with those of E Africa. If the HSZ is a post-accretionary structure, then the Sol Hamed-Onib suture ( Fig. 1 ) may have its extension in the Allaqi-Heiani Suture, and we should look for major Pan-African collision-related structures in NW Sudan and SW Egypt.
We report here results of our efforts to reconstruct the evolution of the HSZ using Rb-Sr and U-Pb zircon geochronology. This work focusses on its northernmost part of the HSZ because this is where igneous and amphibolitefacies metamorphic rocks, which best record the thermal effects accompanying its development, are best preserved. We discuss the field relations and petrography of the dated units, and the geochronological results. We finish by discussing the significance of this work for understanding the late Precambrian crustal evolution of the Arabian-Nubian Shield.
Previous work and regional setting Vail (1985) first appreciated the significance of the major N-S trending structure that we now call the Hamisana shear zone. Recognizing that the Sol Hamed-Onib ophiolite belt identified by Fitches et al. (1983) and Hussein et al. (1984) defined the southwestward extension of the Arabian Yanbu Suture, he suggested that the major N-S trending structure to the south ('Sol Hamed-Abirgetib Shear Zone' of Almond et al. 19%) was a further continuation of this suture to the south, and termed the entire structure the Sol Hamed Suture. Recognizing a major belt of ophiolitic rocks along the Egyptian-Sudanese border, Kroner et al. (1987) identified the 'Allaqi-Heiani Belt' (Fig. 1 ) and suggested that this might be a major suture. If so, then the Allaqi-Heiani suture could be the western continuation of the combined Yanbu-Sol Hamed suture. This would require at least 70 km of dextral offset along the structure that Kroner et al. (1987) first called the Hamisana shear zone. We prefer this terminology because it clearly and for the first time in print distinguished the N-S trending HSZ from the E-W trending Allaqi-Heiani suture and NE-SW trending Sol Hamed suture.
Bellevier et al. (1980) conducted the first studies of the (Almond et al. 1984a) . Parts of this batholith to the northeast have been sampled in the rectangle 36"-3630'N and 21"-22"N and dated by Rb-Sr whole-rock methods (Cavanagh 1979) at 659 f 30 (MSWD = 1.38) to 673 f 33 Ma (MSWD = 7.45) and, more recently, near 36"E, 20°N, at 719 f 59 Ma (Almond et al. in press) . The HSZ was thus active after about 700 Ma.
The northern part of the HSZ was first studied by Ball (1912) during regional topographical and geological surveys of the SE Desert of Egypt. Dixon et al. (1987) produced Landsat TM and SIR-A radar images and a geological map of the HSZ and surrounding structures. Crane & Bonatti (1987) also interpreted SIR-A radar images of the region, although we saw no field evidence for the major right-lateral faults they postulated within the present study region (Fig. 6 of Crane & Bonatti 1987) . The Egyptian Geological Survey mapped the region between 22"-23"N and 35'45'E at a scale of 1 : 100 0oO (Mansour et al. 1985a, b) . These maps have been simplified and modified to produce Fig. 3 . Nielsen et al. Miller et al. (1988) have carried out structural investigations of the northern part of the HSZ, including the southern portion of the present study area.
Study area
The structure of the area (Fig. 3 ) is dominated by a N-S trending anticlinorium that plunges gently to the south. The (Fig. 3) is outlined in the NE corner of this map. core of the anticlinorium is occupied by gneisses and grandiorites, exposed along wadis Shab and Ibib. Within the core near Gebel (G.) Ligrg, an older sub-horizontal foliation is cut by a younger N-S, nearly vertical, foliation. To the west lies the dismembered ophiolite melange around G. Gerf which has been thrust over greenschist-facies wackes, best exposed around the northern and southwestern margins of the Gerf nappe. The eastern flank of the anticlinorium is composed of greenschist-facies metavolcanic rocks. The transition between the gneissic core of the shear zone and the flanking low-grade exposures is generally tectonic or intruded by foliated granodiorites. South of the dismembered ophiolite of G. Heiani is a large tract of amphibolite-facies metasediments (andalusite-and staurolite-bearing) and garnetiferous amphibolites, interpreted as shelf-facies metasediments. This tract extends at least 40 km to the west.
Analytical techniques
Samples for Rb-Sr whole-rock geochronology were powdered and Rb/Sr ratios determined in most cases by XRF at Mainz following the technique of Pankhurst & O' Nions (1973) and outlined by Kroner (1982) ; reproducibility (2 sigma) is 1.5%. Accuracy for Rb and Sr concentrations by this method is less precise at about 3-5%. Rb/Sr was determined for the mineral separates and a few whole-rock samples by isotope dilution at UTD; reproducibility by this technique is also 1.5% (2 sigma). 87Sr/86Sr was determined for all samples at UTD using either 12"-or 6"-radius solid source mass spectrometers. Total processing blanks for Rb and Sr at UTD are S0,l ng and 3 ng, respectively. Samples analysed for zircons were crushed, sized, and the non-magnetic zircons isolated. Two suites of these 2, 3 composite) were cleaned by boiling in HNO, and HCI before dissolution in Krogh-type bombs. Total processing blanks for Pb are 0.5-1.0~. Analyses were carried out using the UTD 12"-radius instrument. Uncertainties for Pb/U are about 1.5% and for Pb isotope ratios about 0.1% Rb-Sr ages were calculated using the York I1 model (York 1969 ) and a 87Rb decay constant of 1.42 X 10-" a-' (Steiger & Jager 1977) . The U-Pb regression calculations to concordia are those of Ludwig (1980) . Four other suites of zircons and 87/E20) were analysed using the single zircon technique of Kober (1986 Kober ( , 1987 on a Finnigan MAT 261 mass spectrometer at the Max-Planck-Institut fiir Chemie, Mainz. Kober (1986) has shown that the Pb components with the highest activation energy residue in the undamaged crystalline zircon phase that shows no postcrystallization Pb-loss and therefore yields concordant 207Pb/M6pb ages. Data acquisition was by magnetic peak switching using the secondary electron multiplier. In this study, evaporation temperatures were gradually increased in 20°C steps to 1500 "C during repeated Pb deposition steps until no (or, in the case of minimal) further changes in 207Pb/206pb were observed. Only these high-temperature ratios were considered. The ratio mPb/2MPb was >35,000 for zircons from GG-200 and 87/200, so that no common lead correction was necessary. For zircons from GG-186 and GG-189-191, a small common lead correction was required; because the ratio mPb/mPb changes slightly in the course of a run, the correction appropriate to each measured 206pb/2MPb was applied to the complementary measured mPb/206Pb. The calculated ages and uncertainties for this technique are based on in-run statistics and are quoted as standard errors of the mean.
Concentration and isotopic data for the Rb-Sr study are listed in Table 1 and are graphically presented in Figs 5, 9 and 10. Concentration and isotopic data for the conventional U-Pb zircon study are listed in Table 2 and graphically presented in Fig. 6 . The results of the single-zircon analyses are listed in Table 3 and shown in Fig. 7 .
Field description and geochronological results
We now discuss the field relations and geochronological results of the units. Samples GG-1 to GG-8 are from a biotite granodiorite pluton exposed in the core of the shear zone, only the northern portion of which is shown in Fig. 3 . Because this pluton is exposed just north of the intersection of the HSZ with Wadi Allaqi (just south of the base of Fig.  3 ), we call this the Allaqi granodiorite. It has a very strong N-S foliation (Fig. 4) , parallel to that of the HSZ, which is cut by E-W fractures that are often filled with quartz-muscovite pegmatite. Samples GG-1 to GG-6 were taken within a few hundred meters of each other, while GG-7 was collected from the same body, about 3 km farther north. GG-8 was collected from near the northern margin of (Fig. 5a ). We separated zircons from a composite of samples GG-l, GG-2, and GG-3 and obtained enough to run one fraction (1.4 mg). These zircons were euhedral, with no evidence of overgrowths or metamict cores. The U/Pb results were very discordant, but assuming recent Pb-loss, yield an upper intercept model age of 713 Ma (Fig. 6 ). This is a minimum age for primary zircon crystallization but is c. 100 million years older than the Rb/Sr whole-rock errorchron age, although the age uncertainties overlap. Because of the strong field and petrographic evidence for thermal and mechanical overprinting, and because of other evidence for resetting of Rb-Sr ages in the region (see below), we interpret the Rb-Sr ages as being at least partially reset. Assuming crystallization 713 Ma ago, the Rb-Sr data for GG-2 yield an initial 87Sr/86Sr of 0.7024; this falls within the field for initial *'Sr/%r of late Precambrian igneous rocks of the Egyptian basement (Fig. 11; Stem & Hedge 1985) . We interpret these data to indicate that the Allaqi granodiorite Flg. 4. Photograph of the strongly foliated Allaqi granodiorite.
Notice strong N-S mineral layering is accompanied by parallel quartz vein. This photograph was taken from the locality where samples GG-1 to GG-6 were collected.
was emplaced about 713Ma ago and was subjected to isotopic resetting about 615 Ma ago or later.
Samples GG-186 to GG-191 were collected from a 5 X 12 km body of pink granite gneiss exposed around G.
Ligrg, termed here the Ligrg granite gneiss. This granite is characterized by its fine grain size and abundant pegmatite and quartz veins. The six samples were collected as float from the mouth of a small drainage in the pluton. In thin section, they consist of strained quartz, abundant anhedral potassium feldspar, lesser amounts of euhedral plagioclase, and subordinate amounts of muscovite. The coarser grained samples have a well developed foliation. The six samples have a large spread of 87Rb/86Sr (0.89-10.9) but define an errorchron (MSWD = 23; limiting F-variate = 2.45; Fig. 5b) with an age of 665 f 62 Ma. A small amount of zircon was separated from GG-186 and a composite of GG-189-191. The GG-186 zircons were very clear, long prismatic, euhedral grains, about 100 microns long. The GG-189-191 zircons were red-brown, short prismatic, euhedral grains, about 150 microns long. Two zircons from each of these populations gave consistent but very different results by the Kober method. Two grains from GG-186 gave an age of 844 f 10Ma (Table 3 : Fig.   7a ). Two grains from the composite GG-189-191 gave an age of 741 f 5 Ma (Table 3 ; Fig. 7a ). These ages are difficult to interpret, since they are mutually inconsistent and do not agree with the Rb/Sr age. Initial ratios calculated from the Rb/Sr data, using the zircon ages, are implausibly low (GG-186 I R = 0.6658; GG-189 IR = 0.69%; GG-191; IR = 0.6901). We do not know the contact relations of this body with the surrounding dated units and access problems prohibit our resampling, so that we are unable at present to resolve the discrepancy between the ages. The Ligrg granite gneiss is compositionally very similar to post-tectonic felsic rocks of the Gebeit terrane, such as the 649 f 18 Ma Asoteriba Volcanics (Cavanagh 1979) contamination of the melt by older crust. We are not sure where the older crust is, but note the proximity of the Ligrg granite gneiss to the undated shelf metasediments a few kilometres to the south and west (Fig. 3) . Following this interpretation, the preferred initial "Sr/% is that of the errorchron, 0.7023 f 18.
Samples GG-154 to GG-161 and GG-200 were collected from outcrops of strongly foliated rocks just north of the Ligrg Granite Gneiss. These consist of well layered and deformed biotite gneiss, hornblende-biotite gneiss, and aplitic geniss (Fig. 8) . Migmatitic gneisses are common, including pegmatitic melt segregations that cut the fabric. Petrographic examination of these rocks indicates that they are dominated by strained quartz, plagioclase and biotite, with subordinate microcline and epidote. Relations between the other minerals and epidote and biotite indicate that the latter formed or recrystallized during retrograde metamorphism. The Egyptian map shows that the outcrop sampled is part of a granodiorite pluton extending 15 km to the N along the west side of Wadi Soarib, so we call this the Soarib Granodiorite Gneiss.
Six whole-rock samples from the Soarib Granodiorite Gneiss have a small spread in 87Rb/86Sr (0.16-0.61) but define an isochron (MSWD = 0.56) with an age of 551 f 28 Ma and IR = 0.7032 f 2 (Fig.   5c ). Plagioclase, two size fractions of biotite, and a whole-rock split from GG-200 also define an isochron ( Fig.  9a ; MSWD = 2.1; limiting F-variate = 2.1) with an age (573 f 15 Ma) and IR (0.7031 f 1) which are analytically indistinguishable from the whole-rock isochron. We recovered too few grains of zircon from this sample to use conventional dating techniques and so analysed two grains using the single-zircon technique of Kober (1987) . These yielded a rather imprecise zo7Pb/zo6Pb age of 726 f 40 Ma because of unstable ion beam behaviour ( (Neary er al. 1976) . The granodiorite consists of plagioclase, quartz, hornblende, biotite, and minor K-feldspar. Two zircons were analysed using the single-zircon technique of Kober (1986 Kober ( ,1987 . The combined data yield a precise mean mPb/zo6Pb age of 691 f 5 Ma (Table 3 ; Fig. 7c ), which we interpret as the time of intrusion. Using this age and the Rb-Sr and 87Sr/86Sr data ( (Fig. 5d) . Three fractions of zircons from GG-192 define a chord with an upper intercept at 663 f 29 Ma and a lower intercept at -1 f 49 Ma (Fig. 6 ). All fractions were euhedral with no evidence of overgrowths or metamict cores. We therefore interpret these zircons as being igneous in origin, an interpretation that is consistent with the likelihood that many of the paragneisses were deposited as volcanic tuffs and volcaniclastic rocks and are first-cycle sediments. This inference is supported further by our unpublished chemical analyses of these rocks, which shows them to have variable contents of A1203 and Zr, expected for sedimentary as opposed to igneous fractionation. The correspondence of this age and that of the Rb-Sr whole rock errorchron supports this interpretation. Plagioclase, two biotite fractions, and the whole-rock for GG-192 define a Rb-Sr isochron (MSWD =0.03) with an age of 565 f 12 Ma (IR = 0.7039 f 1; Fig. 9b) . This is the same as the Rb-Sr age of the Soarib granodiorite gneiss and minerals, and similar to that inferred for disturbance of the high Rb/Sr Ligrg granite gneiss samples and the Allaqi granodiorite. We interpret the Ibib mineral isochron age as indicating the time of cooling through mineral blocking temperatures, and infer that such thermal activity was probably responsible for disturbing the Ibib paragneiss Rb-Sr whole-rock isochron.
Samples GG-193 to GG-199 were collected from a large sill of grey to pink granite gneiss intruding the Ibib paragneiss. The granite gneiss forms peaks with steep, east-facing cliffs ESE of G. Abu Hodeid, on the west side of Wadi Ibib, so we named it after the nearby drainage the Ibib granite gneiss. It is medum-to coarse-grained and consists of strained quartz, plagioclase that is often kink-banded, and subordinate K-feldspar, biotite, hornblende, and opaque minerals. Seven whole-rock samples define a Rb-Sr errorchron (MSWD = 7; limiting Fvariate = 2.3; Fig. 10a ) with an age of 645 f 50Ma (IR = 0.7032 f 2). Although poor, this age does not disagree with the field relationships, consistent with an interpretation that the Ibib granite gneiss intrudes the c. 660 Ma Ibib paragneiss. We thus interpret this age as approximating the time of emplacement of the original granite sill, with the scatter around the regression line caused by a later thermal event.
Samples GG-45 to GG-50 were collected along a N-S traverse across a large body of gneissic granodiorite that intrudes the Ibib paragneiss, exposed along Wadi Shab; we call this the Shab granodiorite gneiss. GG-45 and GG-46 were collected together from one outcrop; GG-47 and 48 were collected about 3 km farther south from exposures separated by a total of 50 m. GG-50 was collected about 2 km farther south, near a broad contact zone with the Ibib paragneiss. Here, layering in the paragneiss, schistosity, and the contact strike N20"E and dip 30"W; all are cut by muscovite-bearing pegmatite and E-W trending mafic dykes. The granodiorite gneiss is medium-grained and consists of strained quartz, plagioclase, K-feldspar, biotite, and subordinate hornblende; these minerals show a modest layering. Six whole-rock samples with a small spread in mRb/86Sr (0.14-0.46) define a marginal errorchron (MSWD = 2.5; limiting F-variate = 2.45; Fig. lob) . This regression line yields an age of 659 f 62Ma (IR = 0.7024 f 3), consistent with the field relationships that indicate this body intruded the c. 660Ma
old Ibib paragneiss. We thus interpret the Rb-Sr age and initial as those of the original igneous intrusion.
GG-104 to GG-108 were taken from exposures of unfoliated granite and associated dykes intruding the ophiolite north of G. Gerf. This intrusion is very heterogeneous and occurs as coarse-grained plutonic bodies, fine-grained hypabyssal sheets of granophyre, and aplitic to pegmatitic and mafic dykes. GG-104 is from a felsic dyke, GG-108 is from a mafic dyke, and GG-105 to GG-107 are coarse-grained granites. Egyptian geologists mapped this as granodiorite, similar to that of the Shab granodiorite gneiss. The unfoliated nature of this intrusion as well as its younger age (see below) lead us to reinterpret these intrusions as being younger and compositionally more evolved granites, which we collectively call the Gerf granite. Although five samples were analysed, only the three granite samples were used to construct the isochron (Fig. 1Oc) . The two dyke samples were omitted because the felsic one fell far off the regression line defined by the granites (model age of 407 Ma assuming IR = 0.71), indicating that the dykes and the granodiorite were not contemporaneous. The three samples of granite had extremely high glRb/86Sr and so defined an isochron with an age of 510 f 40 Ma but with a poorly constrained initial 87Sr/86Sr (IR = 0.716 f 28). This is the oldest unfoliated unit in the area, and defines a younger age limit for the cessation of tectonic activity in the study area.
Discussion
The field and geochronological data presented above illuminate the following aspects of late Precambrian crustal evolution: (1) timing of tectonic activity on the HSZ; (2) relationship of tectonic activity on the HSZ to that of adjacent NE Sudan basement; (3) isotopic systematics of crust formation in the HSZ; and (4) extension of late Precambrian sutures in NE Africa. The geochronological results and initial 87Sr/86Sr results are summarized in Table 4 and are discussed below.
Timing of tectonic activity on the Hamisana shear zone
The seven whole-rock Rb-Sr, two mineral Rb-Sr, and six zircon ages presented here range between 844 f 10 and 510 f 4 0 M a . Excepting the Ligrg single zircon data, interpreted as inherited, the range in magmatic and metamorphic ages is 726 f 40 to 510 f 40 Ma. As previously discussed, we adopt the zircon ages from the Allaqi granodiorite, Soarib granodiorite gneiss, and Shinai granodiorite as indicating that these plutons were emplaced during a temporally restricted but regionally important episode of plutonism in the region. This may be part of the 715-700Ma crust-forming event in the South Eastern
Desert of Egypt (Stern & Hedge 1985) ; note the proximity of the 709 Ma zircon model age for the Wadi Kreiga tonalite ('K in Fig. 3 ; Stern & Hedge 1985) . The significantly younger Rb-Sr whole-rock ages for the Allaqi granodiorite and Soarib granodiorite gneiss thus are interpreted as reset ages. The alternative explanation, that the zircon ages manifest a large inherited component and that the Rb-Sr ages more closely approximate the time of intrusion is not preferred for the following reasons:
(1) field and petrographic evidence indicates a thermal and mechanical overprinting of regional extent (i.e., cross-cutting migmatites and retrograde metamorphic assemblages in most units); (2) mineral isochrons give direct evidence for late resetting; and (3) visual examination of zircons did not identify rounded, metamict, or overgrown grains expected for a detrital component.
In this regard our results, indicating strong isotopic resetting accompanying HSZ deformation, are consistent with the interpretation of Almond et al. (1984b) that shearing around Abirgetib occurred under high P-T (amphibolite facies) conditions. According to this interpretation, the units that experienced deformation and metamorphism were intruded or deposited about 730 to 640Ma ago. There are two whole-rock suites that give younger ages of 551 f 28 and 615 f 121 Ma; as discussed above, these are interpreted as reset and partially reset ages. This interpretation is supported by two mineral Rb-Sr isochrons with ages of 565 f 12 and 573 f 15 Ma. We believe that these younger ages reflect terminal activity of the HSZ, and specifically that the 551 f 28 to 573 f 15 Ma interval was the time of its last major thermal episode. This interpretation is consistent with the 510 f 40 Ma age for the post-tectonic Gerf granite. Dating initiation of the HSZ is more difficult. The only distinctive marker that has been affected by the HSZ are the Onib-Sol Hamed and Allaqi-Heiani sutures (Figs 1 and 2) . Kroner et al. (1987) argued that this may have been once a single suture, the southwestern extension of the Yanbu suture (Stoeser & Camp 1985) . Even if the Onib-Sol Hamed and Allaqi-Heiani are independent sutures, their trends are clearly deflected by the HSZ (Fig. 2) The age of the Ibib paragneiss further constrains initiation of the HSZ. The deposition and eruption of these tuffaceous metasediments may have occurred in a basin that developed prior to deformation along the HSZ. The zircon and Rb-Sr whole-rock ages of about 665 Ma are interpreted as mean ages for the source region of the paragneiss and thus as upper age limits for initiation of the HSZ. This deposition was followed by emplacement of the Shab granodiorite and Ibib granite gneiss about 645-660 Ma ago; the emplacement of these bodies was not obviously controlled by HSZ structures, and they may also predate its initiation. We take the age of 550 Ma for the time when the most important episodes of thermal activity related to the HSZ were over. The maximum period of activity of the HSZ was thus from 660 to 550Ma ago, although its initiation may have begin significantly after 660 Ma.
Timing of HSZ tectono-magmatic activity relative to terrane accretion in NE Sudan and SE Egypt Kroner et al. (1987) subdivided the basement around the HSZ into 3 terranes, separated by the HSZ and the Allaqi-Heiani and Sol Hamed-Onib sutures. The Gerf terrane lies north of the Allaqi-Heiani suture and includes a wedge of basement between the northernmost HSZ and the Sol Hamed-Onib suture (Fig. 1) . The Gerf Terrane was stabilized when the Pink Granites of Egypt (575-600Ma) were intruded, and nearly all the crust of this region had been formed by 665 Ma (Stern & Hedge 1985) .
The HSZ separates the Gabgaba terrane in the west from the Gebeit terrane in the east. Very little is known about the Gabgaba terrane. Several geochronological studies have been carried out on the rocks of the Gebeit terrane, allowing us to reconstruct its crustal evolution in some detail. A primitive arc was active by 832 f 26 Ma ago (Reischmann 1986) , and arc volcanism continued until about 720Ma ago (Klemenic 1985) . This thickened arc crust collided with the Gerf terrane to form the Sol Hamed-Onib suture before 712 f 58Ma (Fitches et al. 1983) , and was intruded by granodiorites of the Serakoit granite batholith at 659-719 Ma Cavanagh 1979; Almond et al. 1984~; Almond et al. in press) . The Asoteriba volcanic rocks are a thick sequence of subaerially-erupted ignimbrites that lie horizontally upon the other basement rocks, probably over an angular unconformity . These relations indicate that the Asoteriba volcanic rocks represent a post-tectonic magmatic episode in the evolution of the Gebeit terrane. They have given a Rb-Sr whole-rock age of 649 f 18 Ma (Cavanagh 1979 (Dixon 1981; Stern & Hedge 1985) . This batholith presumably formed over the subduction zones responsible for suturing between the terranes identified by Stoeser & Camp (1985) and Kroner et al. (1987~) . Furthermore, the main stages of HSZ activity are younger than the Asoteriba volcanic rocks and related alkali granites, regarded as post-tectonic elsewhere in the Gebeit terrane. Indeed, the age and composition of the Ligrg and Ibib granite gneisses strongly suggests that these were Asoteriba-type plutons that were affected by HSZ deformation. These observations indicate that the HSZ is not genetically related to the collisional events that assembled the Arabian-Nubian neocraton, but post-dates the stabilization of the Gerf and Gebeit terranes. We cannot, however, rule out the possibility that the HSZ exploited an older suture between the Gabgaba and Gebeit terranes, superimposing younger deformation on older, collision-related structures (Dixon et al. 1987) .
There is a strong correspondence between the timing of deformation and igneous activity in the HSZ (550-660Ma) and that of the Najd fault system (540-655 Ma; Stem 1985; Stacey & Agar 1985; Cole & Hedge 1986) . It is beyond the scope of this paper to compare the structural styles of the HSZ and the Najd; such work will nonetheless have to be completed before we are able to fully evaluate the relationship between these tectonic features. However, it is clear that the HSZ is a post-accretionary structure that is closely related in space and time to Najd tectonism, and it is almost certain that these record a common response to a regional stress regime.
Isotopic systematics of crustal evolution in the HSZ
Initial *'Sr/% yield important information about the nature of the crust involved in the northem part of the HSZ (Fig.   11 ). With the exception of the reset mineral and whole-rock isochrons and the Gerf Granite (which has a high ?h/%Sr initial ratio but with a large uncertainty; 0.716 f 0.28), all initial ratios range between 0.7023 and 0.7032. There is some tendency for increasing values with younger age, but they generally fall within the field for the basement of the Eastern Desert of Egypt (Stern & Hedge 1985) . These values manifest no obvious involvement of significantly older, high Rb/Sr continental crust but are similar to the Sr-isotopic composition of late Precambrian mantle. This suggests that the crust of the northern HSZ formed in one of several ways: (1) direct fractionation of more mafic, mantle-derived melts to form felsic melts; (2) melting of older, low Rb/Sr lower crust; or (3) remelting of juvenile, andesitic arc terranes. Further discussion of these possibilities can be found elsewhere (Fleck et al. 1980; Duyverman & Harris 1982; Stern & Hedge 1985 
Extension of late Precambrian sutures in NE Africa
The importance of the HSZ for determining whether the sutures of NE Sudan and Arabia link up with the Mozambique Belt of E Africa or extend west into the interior of N Africa has been outlined in the introductory paragraphs. The results of our investigations show that the HSZ post-dates the major episode of terrane accretion, and is demonstrably younger than the Sol Hamed-Onib and Allaqi-Heiani sutures. The possibility exists that the HSZ is a reactivated suture, but the structure observed at present is clearly younger than the flanking, unequivocal sutures. Our data thus support an interpretation that the Allaqi-Heiani suture is the western extension of the Sol Hamed-Onib suture. If so, then the suture system that begins in Arabia as the Yanbu suture can be identified as far west as the Nile (Fig. 1) . Our results thus indicate that models for terrane accretion and crustal evolution in Afro-Arabia should be able to explain at least one major suture extending well into the interior of North Africa.
Conclusions
The Hamisana shear zone was the locus of intense thermal and tectonic activity at the end of Proterozoic time. It may have been active as early as 660Ma ago and probably was finished by 550Ma, with the following sequence of geological events inferred from the present and other published studies: (1) before c. 715 Ma: collision between Gerf and Gabgaba-Gebeit terranes to form the Sol Hamed-Onib and Allaqi-Heiani sutures;
(2) 660-730 Ma: emplacement of diorites, tonalites, granodiorites, and granites, (3) c. 660 Ma: deposition of first-cycle sediments and tuffs; (4) 580-660Ma: initiation of HSZ deformation; (5) 550-580Ma: intense thermal and tectonic activity along the HSZ; and (6) c. 510 Ma: intrusion of post-tectonic granites. All of the igneous rocks of the HSZ are juvenile. Their emplacement occurred significantly later than the terrane accretion episodes responsible for the formation of the Arabian-Nubian Shield, a result that indicates that the present structure is not a collisional suture zone, although it may have exploited older, collision-related structures.
